The binding of metal ions to bovine factor IX.
The binding isotherms of Ca2+ and Mn2+ to bovine factor IX have been determined at pH 6.5 and pH 7.4, at 25 degrees C. At pH 7.4, at least 2 strong Ca2+ sites, with an average KDISS of 0.1 +/- 0.02 mM, are found. An additional 10 to 11 weaker Ca2+ binding sites, with an average KDISS of 1.3 +/- 0.2 mM are noted, at high levels of Ca2+. At pH 6.5, again at least 2 strong Ca2+ sites on factor IX are evident, with an average KDISS of 0.11 +/- 0.02 mM; but slightly fewer (7 to 8) weaker sites, with an average KDISS of 1.9 +/- 0.3 mM, are obtained. Qualitatively, the binding of Mn2+ to bovine factor IX appears similar to that of Ca2+. At pH 6.5, approximately 2 strong Mn2+ binding sites, with an average KDISS of 13 +/- 1.5 micrometer, and an additional 5 to 6 weak sites, with an average KDISS of 160 +/- 15 micrometer, are present. Manganese does not completely displace Ca2+; and Ca2+ does not completely displace Mn2+ from their respective binding sites. On the other hand, Tb3+ and Sm3+ readily displace Ca2+, at pH 6.5, from its sites on factor IX. The rate and extent of activation of bovine factor IX, by bovine factor XIa, is dependent on the Ca2+ concentration, up to concentrations of Ca2+ which saturate its effect on the system. Substitution of Sr2+ for Ca2+ leads to approximately 50% of the maximum rate of factor IXa formation, and final yield of factor IXa, in this activation system. Manganese does not substitute for Ca2+ in this activation, but does inhibit the stimulatory effect of Ca2+. Both Tb3+ and Sm3+ are effective inhibitors of Ca2+ in factor IX activation by factor XIa.